Abstract-Progress in aircraft designs heavily depend on automatic flight control system. Modern aircraft have a wide flight envelope (linear and nonlinear) region. This study considers the design of stability and control augmentation system (SCAS) in high angle of attack region for a modern type aircraft via back stepping method. Because of highly nonlinear phenomena in aerodynamic parameters, a locally valid linear in the parameters nonlinear aircraft model is defined, of which the unknown parameters are approximated by Lyapunov base update laws. The numerical simulations show that the controller is capable of control aircraft based on conventional handling qualities and has a better time response than the classical PI.
I. INTRODUCTION Nowadays modern aircraft are designed to operate at a wide range of flight conditions, which characterized by nonlinear aerodynamics and this includes wide variations in angle of attack, sideslip angle and body axis rotational rates. Also most of these kinds of aircraft are designed statically relaxed stable or even unstable in certain modes to allow for extreme maneuverability. Therefore, these aircraft have to be equipped with a Stability and Control Augmentation System (SCAS) that artificially stabilizes the aircraft and provides the pilot with desirable flying and handling qualities [1, 2 and 3] .
Controlled flight at extremely high angles of attack, far exceeding the stall angle, and/or at high angular rates is sometimes referred to as super maneuvering flight. Studies have shown that fighter aircraft which have the capability of super maneuverability may have tactical advantages over aircraft which are not capable of being controlled during high angle of attack maneuvers. The unaugment flying qualities of aircraft at high angles of attack can be quite different from those at low angles of attack [4] .
The uncertainty associated with modeling, and the complexity of the nonlinear phenomena associated with high angle of attack, present the main challenges in designing flight control systems for these regimes. A challenge to designers of flight control systems for future vehicles is to permit nearly carefree operation of high performance vehicles, without limiting their full potential for maneuvering. Traditional controller design usually involves complex and extensive mathematical analysis, which implies high cost and cannot guarantee a good performance level in the whole flight envelope. The development of high performance aircraft operating at high angles of attack and at high angular rates has stimulated the interest in applying nonlinear control techniques to aircraft flight control [5] . For this situation an autopilot is designed to control the pitch of aircraft that can be used by the flight crew to lessen their workload during cruising and help them land their aircraft during adverse condition in the real situation [6] .
SCAS design is traditionally based on linear control theory and well-established gain-scheduling method. The lack of flexibility and the time consuming process of designed gain scheduled linear controller has led to a lot of research into nonlinear control techniques over the last decades [2] .
In this paper we propose back-stepping method in designing longitudinal SCAS at high angle of attack. Back stepping method has received a great deal of attention in recent years. The strength of this method is to providing the designer with systematic design approach of control Lyapunov functions. Also back-stepping control design constitutes an alternative to feedback linearization, where using back-stepping, system nonlinearities do not have to be canceled in the control law and if a nonlinearity acts stabilizing, and thus in a sense is useful, it may be retained in the closed loop system. This leads to robustness to model errors and less control effort may be needed to control the system [7, 10 and 11] .
II. AIRCRAFT MODEL
The aircraft model used in this work is to an F-16 modern fighter aircraft with geometry and aerodynamic data as reported in [8] . The aerodynamic data in tabular form have been obtained from wind tunnel tests and valid for subsonic speed up to Mach 0.6 for the range of 
where m, I y and  are the mass, inertia and the flight path angle and finally L, D and M are the aerodynamic forces lift, drag and pitching moment, respectively.
Let us define the states 1 2 3 ,, x x R x R  and the control inputs uR  as follows:
. With the choices of 1 2 3 ,, x x x and u the flight dynamic equations (2-4) can be rearranged as:
where f, g and h represent the terms of equations (2-4). By assuming that 0   we have:
The preceding equations are mainly used for the controller design and stability analysis processes of the following sections.
III. FLIGHT CONTROL SYSTEM
The main objective of this study is to design a longitudinal SCAS that tracks pilot commands with responses that satisfy the handling qualities, across the entire flight envelope of aircraft. When designing a flight control system with the two-timescale assumption, the inner-loop controller is designed to control the fast state ( 2 x using the control inputu ), where the desired values of the fast state, 2 d x are given by the outer loop. In the outer loop, the controller is designed to control the slow state, 1 x using the fast state, 2 x as control input as illustrated in Figure 1 . In this study we propose back-stepping method to design a controller. Back-stepping design procedure can be viewed as the two-timescale approach because the fast state X 2 are used as control input for the slow state X 1 intermediately. However, this approach considers the transient response of the fast state and therefore does not require the timescale separation assumption. The following assumptions are used in the design and analysis processes [3] . Therefore we introduce the error state variables Z 1 and Z 2 ϵR as follows; respectively. Using equations (5) and the above assumptions, the dynamic equations of the error states are given as follows; variables:
We consider the system in equations (17 and 18), where the control input u is defined as: ..
Furthermore, the bound of the tracking error may be kept as small as desired by adjusting the design parameters. It must prove that the solutions of the system are locally uniformly ultimately bounded:
By assumptions 1 and 3, the following inequalities are satisfied for certain positive constants 
Using these inequalities, the bound of 2 d x can be computed as:
We consider the Lyapunov function candidate. Derivative of the Lyapunov function V 1 along the trajectories of equations is given by:
Substitution of equations (18 and 20) into equation (25) yields the following equation:
Substituting equations (17 and 21) into equation (26) 
Because 1 f in equation (20) is dependent on V, the term
 must be included in equation (27); but it is neglected by using Assumption 2 in this study. Substituting equation (19) into equation (28)      22  2  2  3  12  1  1  2  1  2  1 1  1 , 21 
